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Description 

[0001] This Invention lies In the field of systems for 
brain stimulation and recording of brain activity and, 
more particularly, systems for placement of the lead for s 
stimulating and/or recording at an optimized physiolog- 
ical brain target, tor the treatment of conditions such as 
movement disorders. 

[0002] Deep Brain Stimulation (DBS) has been found 
to be successful in treating a variety of brain-controlled m 
disorders, including movement disorders. Generally; 
such treatment Involves placement of a DBS type lead 
through a burr hole drilled In the patienfe skull, followed 
by placement of the lead and then applying appropriate 
stimulation through the lead to the physiological target- « 
The placement portion of the treatment is very crttfcai, 
and has been the subject of much attention and re- 
search. In particular, finding the deep brain target and 
then placing the permanent lead so that it efficiently 
stimulates such target is very Important See, for exam- zo 
pie. U.S. Patent No. 0,011,090, filed January 20, 1998, 
Gfelen et al, which deals wtth the localization procedure 
in functional stereotactic brain surgery, i.e., the Initial 
probing to find the optimum site for delivering the stim- 
ulation. " 25 
[D003] US 5,702,429 discloses a neural stimulation 
device comprising an Implanted lead having a stimula- 
tion electrode and a recording electrode. 
[00041 WO 97/39796 discloses apparatus for brain 
stimulation by means of an implantable signal generator ao 
and electrode. 

[0005] Finding the optimal physiological target in 
deep brain stimulation implants for the treatment of 
movement disorders Is a particularly complicated task. 
This is especially true for the treatment of symptoms 3S 
which cannot be tested at the operating labfe during lead 
implant. For instance, it Is impossible to test walking and 
postural stability In Parkinson's Disease (PO) patients 
during DBS lead implant Two other major PD symp- 
toms, Rigidity and Akinesia, are also considered difficult 40 
to evaluate quantitatively during DBS lead implant. Thus 
far, no reliable quantitative evaluation procedures exist 
that can be performed during the surgical DBS Implant 
procecfcjre for these major symptoms. 
[0006] A recent procedure has been suggested which 45 
allows posr-operativ© quantitative testing of muscle 
function in PD. See Pascual-Leone, Rapid Rate Tran- 
scranial Magnetic Stimulation (rTMS) in Movement Dis- 
orders; Movement Disorders, Vol 11, Suppl, n, pp.:23, 
1 966. In this procedure, trans-cranial magnetio sthnula- eo 
tton of the motor cortex is used to show that the brain Is 
able to control muscle movements In a normal way when 
and if the DBS electrode Is Implanted In the optimal 
physiological position in the Globus Pallidum Interna* 
(G PI) and electrical stimulation with the appropriate pa- ss 
rameters is applied through the DBS electrode. Thus, it 
was shown that those areas of the motor cortex (MC) 
which are involved in the control of movement in the 
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muscle of the thumb can only be activated If the appro- 
priate DBS stimulation Is concurrently applied to the cor- 
rect part of the GPl. 

[0007] Based on this finding, it is reasonable that an 
improved procedure could be utilized for optimizing the 
implant position of the DBS electrode(s) in the GPl or 
other neuro-moduiatjon target for treating disorders, 
and particularly movement disorders, by means of deep 
brain stimulation. Thus, if postural instability of the pa- 
tient Is a major PD symptom, one might be able to find 
the optimal physiological target for the DBS electrode 
by seeing when trans-cranial magnetic stimulation orthe 
motor cortex achieves optimal control movement of the 
leg muscles. However, this magnetic stimulation proce- 
dure is not suitable for intra-operative use, l.e., for test- 
ing lead position while the lead Is stereotactlcally held. 
The applied very fast changing and very strong magnet- 
ic fields may Interact with the DBS electrode in a com- 
parable way as suggested for MR| Imaging procedures, 
which is contra-indicated for DBS patients. Further, the 
trans-cranial magnetic stimulation coil cannot be ac- 
cessed to the relevant sites of the brain when the DBS 
lead is being held by the stereotactic equipment. This 
means that the Leone procedure is not directly suggest- 
ed for use in evaluating the excitability of the relevant 
motor cortex areas during Jead implant. Thus, while the 
prior art procedure Is appropriate for certain post-surgi- 
cal testing because it is non-Invasive, it is not suggested 
tor intra-operative use. 

[0006] The continued need in the art is a system and 
procedure that can be utilized during surgery when the 
DBS lead is being implanted, to determtae whan it has 
been placed In the optimal position for stimulation ther- 
apy of the patients particular disorder, or for recording 
of brain activity. In general terms, the aim is a system 
for alimuiatron of the GPl or other neuro-stimufatiofi tar- 
get, and a feedback target such as the MC. A key to this 
invention is the recognition that during surgery, there is 
no need for a non-invasive way of stimulating the feed- 
back target. The invention, rather, provides apparatus 
for testing for the optimal DBS electrode position during 
the invasive surgery, and as part of the localization test 
procedure that Is required In any event, enabling a reli- 
able determination of optimal lead placement before 
permanent lead implant and dose of surgery 
[0009] A primary object of this invention is to provide 
a system for determining with a test lead or permanent 
lead when a brain electrode is positioned optimally so 
during stimulation of the brain target normal patient ex- 
citability of a feedback target such as the motor cortex 
achieves the desired result, e.g., the desired body 
movement of a patient with a movement disorderJWler- 
nalively, another object Is to provide an Improved capac- 
ity to record brain activity; 

[0010] The invsndon takes advantage of the fact that 
during DBS lead Implant, the paflent'9 Drain is already 
subject to an invasive procedure. This being the case, 
both the oeuro-modulatfon target and the feedback tar- 
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get oan be readily Simulated during surgery. Thus, in 
the case of movement disorders involving the motor cor- 
tex, the stimulation of the motor cortex concurrently with 
the GPI need not be limited to a non-Invasive technique. 
[0011] m order to achieve the above objects, the in* 
ventlon provides a brain stimulation system, compiling 
a brain stimulator or device and lead means for place- 
ment of electrodes at predetermined positions within a 
patient's brain, said brain stimulator device having first 
pulse means for generating feedback pulses for stlmu- 
lating a feedback target In the patient's brain and second 
pulse means tor generating DBS pulses for stimulating 
a neuro-modulation target In sard pattenfs brain; and 
said lead means being ' connected to said device for 
conducting said pulses from said device to said respec- 
tive targets, saJd lead means comprising a DBS elec- 
trode and a conductor for conducting said DB8 pulses 
from said second pulse means to said DBS electrode, 
a feedback electrode and a conductor far conducting 
said feedback pulses from said Aral pulse means to said 
feedback electrode, and said DBS and feedback elec- 
trodes being positioned on said lead means relative to 
each other so that when said DBS electrode is posi- 
tioned at said neuro-stimuiation target said feedback 
electrode Is positioned at said feedback target. 
[0012J By varying the position of the DBS electrodes, 
and repeatedly stimulating both the DBS target and the 
feedback target and observing the relevant patient 
body movement or other reaction, the optimal DBS tar- 
get location can be found. Also, either or both of the elec- 
trodes can be used for recording brain activity. 
[001 3] After the finding of the optimal DBS target lo- 
cation, the test lead is removed and a permanent lead 
positioned so that the DBS electrode(s) is located at the 
optimal target position. The permanent lead also pref- 
erably Is aligned along the linear trajectory which in- 
cludes both the neuro-modulation and the feedback tar- 
gets, and carries electrodes for stimulating or recording 
at both targets, thereby enabling post-operative testing. 
The system preferably includes a generator device with 
dual stimulus pulse channels tor providing stimuli with 
appropriate parameters for stimulating the respective 
targets, and sense channels for amplifying and process- 
ing detected brain signals. 

[001 4] Preferred embodiments will now be described, 
by way of example only, with reference to the drawings. 

Figure 1 1s a diagrammatic view of a patient's skufl 
and me target path or paths taken to stimulate target 
areas of the brain in accordance with use of the sys- 
tem of this invention, and/or to record brain activity 
at the dual target sites. 

Figure 2 is a schematic diagram showing a system 
in accordance with this Invention, Including an Im- 
plantable stimulator/recorder device, and a test or 
permanent lead designed to enable dual stimulation 
of different brain sites and/or recording of brain sig- 
nals from such sites. 
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Figure 3A is a diagrammatic view showing a brain 
stimulating lead and a slldabfe sleeve with a win- 
dow; Figure 36 Is a diagrammatic view showing the 
sleeve In position over the lead portion which car- 
ries electrodes for stimulating the motor cortex, 
thereby enabling adjustment of (he location of an 
effective electrode on the read for stimulating the 
motor cortex at the same time that the physiological 
brain target is stimulated. 
Figure 4 is a flow diagram illustrating the primary 
steps taken in using the system of this Invention to 
determine whether and when the brain lead has 
been optimally positioned in a patient's brain In or- 
der to treat a movement disorder or the like, 



[0015] Referring now to Figure 1 , there Is shown a di- 
agram of e patient's head, with burr holes BH-A and 
bh-B shown drilled through the patlenrs skun to allow 
entry beneath the dura. While Figure 1 presents an il- 
20 fcisiratlonofthe specific MC/GPi embodiment, it is to be 
understood that the principles involved are equally ap- 
plicable to other targets, as discussed above. A normal 
trajectory would be that indicated through the hole 
bh-a, along trajectory A, to the GPi. However, as indi- 
& cated. the motor cortex MC is not along thte line. In order 
to have a single one-dimensional trajectory which will 
involve both the GPI and the MC, burr hole BH-B is uti- 
lized, to provide a trajectory as Indicated along Indicated 
line B. H is to be noted that skull sizes vary from patient 
# to patient, and that accordingly the distance from the 
GPI target and the MC target will be variable, perhaps 
in the range of up to 2 cm from patient to patient. For 
this reason, the lead of this Invention preferably includes 
an adjustable electrode location for stimulating the feed- 
back target, e.g., the MC, when the distal electrodes are 
In place for stimulating the GPI or other brain target. 
[0016] Referring now to Figure 2, there is shown a di- 
agram of a stimulator/recorder device 30 coupled to and 
used In connection with a lead 40. Stimulator device 30 
46 may be, for example, a Medtronic Model 3628. or a mod- 
ification thereof; and the lead may be a modification of 
Medtronic InterSbm Model 4300 or Medtronic DBS Lead 
Model 3387. As indicated, the stimulator device con- 
tains two pulse generation channels, channel 1 indicat- 
es ed at 32 and channel 2 at 34. Each of these channels is 
controlled by control block 35, which may appropriately 
utilize a microprocessor and/or other control and timing 
circuitry. The lead proximal end 41 is connected to the 
outputs of me device 30. Channel 1 connects to one or 
so more lead conductors which provide electrical connec- 
tion to distal electrodes Indicated at 46 near the lead 
distal and 42. These electrodes are positioned at the 
neuro-modulation target, e.g.. the GPi. The pulses gen- 
erated by channel 1 and delivered to the deep brain lo- 
ss cation are, for example, pulses of 60-1 20 jis pulse width, 
typically delivered at a rate In the range of about 50-250 
Hz, and with a pulse amplitude of about 1 -1 0 v. The sig- 
nals delivered by channel 2 are connected through to 
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electrode 44, whicii is shown positioned proximally from 
electrodes 46, and at a distance in the neighborhood of 
3-8 cm trom the distal electrodes 46, depending on the 
application. For example, for the MC/GPj embodiment, 
the positioning of electrode 44 Is designed to place it s 
proximate to the motor cortex when the (fetal electrodes 
46 are positioned at the GPI brain target. The pulses 
delivered by channel 2 are, e.g., pulses of a width 1-10 
ma, delivered at a rate of 1 to 5 Hz and with a voltage 
In the range of 1-10 v. Signals received from the etec- w 
trodes are processed at sense channels 37.38 and 
stored at 39. 

10017] Referring now to Figures 3A and 3B, there Is 
shown one arrangement for adjusting the position of 
electrode 44, to provide for stimulation of the MC con- 
currently with stimulation of the GPI. In this embodiment, 
electrode 44 Is suitably comprised of a series of smaller 
ring electrodes, as indicated at 48, the purpose of this 
design being to achieve a greater lead flexibility. After- 
natlvely, but at the cost of some flexibility, the electrode 20 
44 may be one integral ring electrode, providing a large 
surface extending around the tubular body 43 of read 
40. Shown above the lead portion carrying electrode 44 
Is a sliding tubing, or sleeve 50, being a hollow tubing 
having an inner diameter adapted to Just fit over the out- 25 
er diameter of lead body 43. Tubing 60 is made of an 
electrically insulatlve material coating 51, except at a 
window portion 52 of predetermined length. The tubing 
50 extends proxlmally a sufficient distance so that it can 
be manipulated, i.e., slid along the lead 43 so as to po- so 
sMion the window portion 52 relative to the lead. In Fig- 
ure 3B, the tubing Is Illustrated as having been slid down 
to register with a portion of the rings 45, providing an 
electrode which Is adjustable along the axis of the lead 
by positioning of trie window. 35 
[0018] Referring now to Figure 4, there Is illustrated a 
flow diagram of the primary steps taken k) carrying out 
the procedure of this invention. Illustrated with respect 
to the MC/GPI embodiment At block 60, the teat is Ini- 
tiated by providing a test lead as discussed In connec- *o 
tlon wfth Figures 2 through 36 above. Such a test lead 
is provided with respective MC and GPI electrodes, 
where the position of the MC electrode is preferably ad- 
justable to account for required patient variations in bv 
terelecrrode distance, as discussed in connection with «ff 
Figure 1. The location of the GPi and the MC are then 
preliminarily determined, as Indicated at 62. The ap- 
proximate location of the GPi can be determined nen- 
Invasively: a more exact location Df the GPI target can 
be determined as discussed In the above referenced U. so 
S. Patent No. 6.011 ,996. The location of the MC can be 
determined, eg,, by trans-cranial magnetic stimulation. 
With this information having been obtained, the desired 
one-dlmenslonal trajectory through the two targets is 
known. Next, at 64, a burr hole Is drilled to provide entry ss 
through the skulJ for the desired linear trajectory. Note 
that if a first burr hole is drilled in order to perform the 
initial localisation, It can be used for placement of a sep- 



arate lead to the GPI. as discussed above. Then, as In- 
dicated at 65, the test lead is stereotacticaily Introduced 
along the trajectory, and the distal DBS electrode posi- 
tioned in the area of the GPi. After that, at 66, the posi- 
tion of the MC electrode 44 is adjusted, e.g., In the man- 
ner suggested by the discussion of Figures 3A, B. The 
positioning of electrode 44 with respect to the MC will, 
of course, depend upon what body portion Is to be tested 
or treated. After this, at 66, the two targets are stimulat- 
ed, and the relevant body movement, or lack thereof, is 
noted. This provides the feedback for determining when 
the DBS electrode has been optimally located. Also, at 
65. brain activity at the two sites can be recorded. 
[0019] At 70, It is determined whether the DBS elec- 
trode complex 46 Is optimally located. If no , which would 
include a state of uncertainty, the position of the DBS 
electrode Is adjusted, aa shown at 72, and then the stim- 
ulation is repeated, aa Indicated by the branch that loops 
back to 66. When the physfofan is satisfied mat an op- 
timal position has been found, the test is concluded, and 
the permanent lead is implanted, as indicated at 74. The 
lead is then attached to the generator device, and the 
patient (c chronically stimulated, aa indfcated at 76. 
Aa mentioned above, by providng a permanent lead 
that also has an MC electrode, and is placed along the 
trajectory that encompasses both targets, subsequent 
tests can be conducted. Further, brain signal recordings 
can be obtained from the electrode sites, either concur- 
rently, or at one she during stimulation of the other site. 
[0020] There is thus provided a system for stimulating 
or recording at dual sites in a patient's brain, e .g. , a feed- 
back site such as the motor cortex, and a deep brain or 
nemo-modulation site such as the GPi. While the pre- 
ferred embodiment has been presented as a single lead, 
either a test or permanent lead, It is to be understood 
that the Invention can likewise be practiced by Insertion 
of two leads, e.g.. one for positioning of an electrode at 
the motor cortex and one for positioning of an electrode 
at the GPi. As used herein, the term "electrode 1 means 
either a single electrode or a plurality of electrodes, as 
illustrated in Figures 2 and 3A. 



Claims 

l . A brain stimulation system, comprising a brain stim- 
ulator device (30) and lead means (40) for place- 
ment of electrodes at predetermined positions with- 
in a patienfe brain, 

said brain stimulator device having first pulse 
means (32) for generating feedback pulses for 
stfmurabng a feedback target in the patients 
brain and second pulse means (34) for gener- 
ating deep brain stimulation DBS pulses for 
stimulating a neuro-modulation target in said 
pattenfs brain; and 

said lead means (40) being connected to said 
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device for conducting 6 aid pulses from said de- 
vice to said respective targets, characterised 
In that said lead means comprising a DBS elec- 
trode (46) and a conductor for conducting said 
DBS pulses from said second pulse means to 5 
said DBS electrode, a feedback electrode (44) 
and a conductor for conducting said feedback 
pulses from said first pulse means to said feed- 
back electrode, and said DBS and feedback 
electrodes being positioned on said lead *0 
means relative to each other so that when said 
DBS electrode Is positioned at said neuro-etim- 
ulation target said feedback etectroda is posi- 
tioned at said feedback target 

1S 

2. The system as described in claim 1, wherein said 
lead means Is a single lead (40), and said DBS elec- 
trode (44) Is positioned near the lead distal end and 
said feedback electrode is positioned about 3-8 cm 
from said DBS electrode, whereby said lead can be so 
inserted Into the patient's brain along a predeter- 
mined path ta position said electrodes at said re- 
spective feedback and nsuro-modutatton targets. 

3. The system as described in claim 2, wherein said 25 
lead comprises adjusting means for adjusting the 
position of said feedback electrode to be positioned 

at the patient's motor cortex when said DBS elec- 
trode is positioned at said patient's GPI. 

30 

4- The system as described in claim 3. wherein said 
lead has a lead body, ana said adjusting means 
comprises a slrdabie tubing (50) having a window 
(52), said tubing being sildabie over said lead body 
to expose said feedback electrode at a desired po- * 
sitlon relative to the motor cortex. 

5. The system as described in claim 4, wherein said 
feedback electrode hoe an effective surface area 
larger than the area or said window. 40 

6. The system as described In any preceding claim, 
wherein said first pulse means comprises MO gen- 
erator means for generating pulses at a rate of 
about 1-5 Hz for delivery to the patient's motor oor- 43 
tex, and parameter means for controlling said gen- 
erated pulses to have a duration of about 1-10 ms 
and a voltage of about 1-10 Vote. 



wherein said brain stimulator device further com- 
prises means (37, 38) for receiving signals from at 
least one of said electrodes and means (39) for re* 
cording such signals. 



PatentansprOcrte 

1. GehirnstimLlationssystem mrt einer Gehfrnstlmula- 
torvortfehtung (30) und elnem Leltungsmlttel (40) 
zum Anordnen von Elektroden an vorgegebenen 
Posltlonen innerhalb des Gehims eines ParJenten. 
wobei 

die Gehlmstimulalorvorrlchtung eln erstes Impuls- 
mlttel (32) zum Erzeugen von RQckkoppiungslm- 
puteen zum Stlmulieren elnes ROckkoppiungetar- 
gets im Gehlrn des Patlenten und eln zweites Im- 
pulsmhtei (34) aim Erzeugen tiefer Gehimstimula- 
tlons-DBS-lmpulee zum Stlmulieren eines Neuro- 
modulatronstargets im Gehim des Patlenten auf* 
welst und 

das Leltungsmlttel (40) mit der Vorrichtung verbun- 
den 1st, urn die Impulse von der Vorrichtung zu dan 
jewefllgen Targets zu leiten, 
dadurch gekennzelchnet, ctesa 
das Lertungsmlnel eine DBS-Elektrode (46) und ai- 
nen Lelter zum Lelten der DBS-Impulse von dem 
zwelten fmputsmlttel zu der DBS-Elektrode, eine 
Ruckkopplungselektrode (44) und einen Loiter zum 
Lelten der Ruckkopplungsimpulse von dem ersten 
ImpulsmitteJ zu der ROckkoppfcirtgselektrode auf- 
welst und die DBS- und die Ruckkopplungselektro- 
de so In Bezug zuelnander an dem Leitungsmrttel 
posNonlertsind, dass die Ruckkopplungselektrode 
an dem RQckkopplungstarget posltloniert ist, warm 
die DBS-Elektrode an dem teurostimufatlonstarget 
positionlert 1st. 

z. System nach Anspruch 1 , wobei das Leitungsmittel 
eine eftuige Leitung (40) ist und die DBS-Elektrode 
(44) in der Nahe des distalen Endes der Leitung po- 
sltloniert ist und die Ruckkopplungselektrode etwa 
3 - 8 cm von der DBS-Elektrode positioniert 1st, wo- 
durch die Leitung entiang elnem vorgegebenen 
Weg in das Gehim des Patlenten eingeKlhri werden 
kann, um die Elektroden an dem JewelHgen ftuck- 
kopplungstarget und dem Jeweiligen Neuromoduia- 
Wonstargat zu position ieren. 



7. The system as described In any preceding claim, 
wherein said second pulse means comprises DBS 
target means for generating pulses at a rate of 
about 50-2SO Hz, and parameter means for control- 
ling generation of said pulses to have a duration In 
the range of about 60-120 us and a voltage in the 
range of about 1 -1 o Volts. 

8. Hie system as described in any preceding claim, 



so 3. System nach Anspruch 2, wobei die Leitung ein Ein- 
stsllmitlel zum Einstellen der Position der Ruck- 
kopplungselektrode aufwetet. die an der motori- 
schen Himrlnde des Patienten zu position Ieren ist, 
wenn die DBS-Elektrode am GPI des Patienten po- 

ss sitioniertisl. 

4. System nach Anspruch 3, wobei die Leitung emen 
LeltungskGrper aufwelst und das Bnstelimittel e\- 
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nen vefaehiebbaren Schlauch (50) mlt einem Fen- 
ster (52) aufweist, wobei der Schlauch Ober den Lei- 
tungskdrper geschoberi werden kann, urn did ROck- 
koppiungseiektiode an einer gewOnschten Posiiton 
in Bezug auf die motorfscrie Himrinde freizulegen. s 

5. System nach Arepruch 4, wobei die ROckkopp- 
lungsefektroda erne wirksame Oberfiache aufweist, 
die groGer iat als die Reche dee Penstens. 

10 

6. 8ystern nach elnem der vorslehenden AnsprQche. 
wobei das erste Imputsmlnei ein MC-Generatormit- 
teJ zum Erzeugen von rmputeen mit einer Frequenz 
von etwa 1 - 5 Hz zur Abgabe an die motorlsche 
Himrinde dee Patienten und ein Parametermlttel is 
zum Steuern der erzeugten Impulse, so dare bIb ei- 

ne Dauer von etwa 1 - 10 ms und eine Spannung 
von etwa 1-10 Volt naben, aufweist. 

7. System nach elnem der vorstehenden AnsprQche, a? 
wobei das zweite Impulsmitteleln DBS-Targetmrttel 
zum Erzeugen von Impulsen bel einer Frequenz 
von etwa 50 - 250 Hz und ein Paramelermmel zum 
Steuern der Erzeugung der Impulse, so dasa s!e ei- 
ne Dauer lm Bereich von etwa 60 • 1 20 us und elne & 
Spannung im Bereich von etwa 1 - 10 Volt haben, 
aufweist. 

8. System nach elnem der voreiehenden Ansprflche, 
wobei die Gehlmstfrnulatorvorrlchtung werter Mittei so 
(37, 38) zum Empfangen von Signafen von minde- 
stens einer der Elektrgden und Mitte* (39) zum Auf- 
zelchnen solcher Signals aufweist. 



Revindications 

1. Systems de stimulation cerebrale. comportant un 
disposftlf de stimulation cerebrals (30) et des 
moyens de branohement (40) pour pJacer des else- *o 
trodes a dee positions predeterminers dans le cer- 
veau d'un patient, 

ledit disposltlf de stimulation cerebrate ayant des 
premiers moyens d'lmpulslons (32) pour generer 
des impulsions de retroaction pour sdmuler una cK 
bie de retroaction dans le cerveau du patient et des 
seconds moyens d'impulsbns (34) pour generer 
des impulsions de stimulation cerebrale profonde 
(DBS) pour sftnuler una clble da neuro-modulation 
dans ledit cerveau de patient ; et so 
lesdits moyens de branchement (40) etant connec- 
ts audit dispositif pour conduire resdrtes Impul- 
sions a parHr dudlt dispositif jusqu'auxdltes cfcles 
respective*, caracterls* en ce que lesdits moyens 
de branchement component una electrode DBS ss 
(46) et un conducteur pour conduire lesdltes Impul- 
sions DBS a partir desdlts seconds moyens d'im- 
pulslons jusqi/a ladite electrode DBS, une dlectro- 
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de de retroaction (44) et un oonducteur pour con- 
duire lesdites impulsions de retroaction a partir des- 
dits premiers moyens dimputelons jusqirt ladite 
electrode de retroaction, et tesdiles electrodes DBS 
et do retroaction etant posltionn4es but lesdits 
moyens de branchement Tune par rapport a rautre 
de sorts que torsque ladite electrode DBS est posh 
tterniee au niveau de ladite cible de neuro-etlmuta- 
Hon. ladite electrode de retroaction est pogittonnee 
au niveau de ladite cible de retroaction. 

2. System© selon la revendicatlon 1 , dans lequel les- 
dits moyens de branchement sont un branchement 
unique (40), et ladite electrode DBS (44) est posr- 
tionnee pres de I'extremite dtetale de branchement 
et ladite electrode de retroaction est posffionnee en- 
viron a 3 a 9 cm par rapport a ladite etectrode DBS, 
ainsl ledit branchement peut etre insere dans le cer- 
veau du patient le long d'un vajet predetermine pour 
positlonner lesdites electrodes au niveau desdites 
cibles de retroaction et de neuro-modulatlon res- 
pective?. 

3. Systeme 6eion la revendfcation 2, dans lequel ledit 
branchement comporte des moyens de reglage 
pour regler la position de ladite electrode de re- 
troaction de maniere a la positlonner au niveau du 
cortex moteur du patient lorsque ladite electrode 
DBS est posittonnee au niveau du Globus PaMfdum 
Intemae (GPi) du patient. 

4. Systeme selon la revendication 3, dans lequel ledit 
branchement a un corps de branchement, et lesdits 
moyens de regtage component un tube couiissant 
(50) ayant une fenetre (52), ledit tube pouvantcou- 
Iteser sur ledit corps de branchament pour exposer 
ladite electrode de retroaction a une position vgulue 
par rapport au cortex moteur. 

5. Systeme selon Ja revendication 4, dans lequel ladite 
electrode de retroaction a una surface effective qui 
est superieure a la surface de ladite fenetre. 

6. Systeme selon I'une queiconque des revendtca- 
flons precedentes. dans lequel lesdits premiers 
moyens d'impuislons oomportent des moyens de 
generation MQ pour generer des Impulsions a une 
frequence d'envlron 1 a 3 Hz a appilquer au cortex 
moteur du patient, et des moyens de parametrage 
pour commander lesdltes Impulsions generees 
pour qu'elles siem une duree d'envlron 1 a 10 ms 
et une tension d'envlron 1 a 10 volts. 

7. Systeme selon Tune queiconque des revendica- 
tions precedentes, dans lequel lesdits seconds 
moyens d'impulstons component des moyens de ci- 
ble DBS pour generer des impulsions a une fre- 
quence d'environ 50 a 250 Hz, et des moyens de 
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paramdtrage pour commander la generation desdh 
tes Impulsions pour qu'elles alent une duree dans 
la plage d'environ GO a 120 us et une tension dana 
la plage d'environ 1 a 10 vote. 

8* Systeme selon rune quelconque des revendtca- 
tiona prec&tantes, dans lequel laditdtepoaitif de s«- 
mutatton cerebrate comporte de plus des moyens 
(37, 38) pour recevok des aJgnaux provanarrt d'au 
moins Pun parmi lesdrtrw 4!ec!rcdcs Issdius ;j 
moyens (39) pour enraglstrer cea slgnaux. 
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